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Method, Apparatus, System, Method and Device for Data 
Creating, and Program for Mounting Electronic Component 

Background of the Invention 

Field of the Invention 

The present invention relates to an electronic 
component mounting method and apparatus for mounting an 
electronic component on a circuit board with high precision, 
an electronic component mounting system, an electronic 
component mounting data creating method, a mounting data 
creating device, and a program to be used therein. More 
particularly, the invention relates to a technique for 
carrying out mounting by effectively utilizing a self- 
alignment effect without a failure in mounting even if 
there is a small interval between mounting positions of 
electronic components on the circuit board. 

Description of the Related Art 

As shown in Fig. 29, for example, the process for 
manufacturing a circuit board on which an electronic 
component mounted includes three steps. The first step is 
a printing step (1) of printing a solder paste on a circuit 
board having a land formed thereon by means of a solder 
paste printing apparatus. The next step is a inspecting 
step (2) of inspecting the print state of the solder paste 
by means of a inspecting apparatus* The last is a mounting 
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step (3) of mounting an electronic component on the circuit 
board by means of an electronic component mounting 
apparatus. The solder paste printing apparatus, the 
inspecting apparatus and the electronic component mounting 
5 apparatus are connected in this order over a manufacturing 
line respectively, and the circuit board fed to the 
manufacturing line is taken out through the steps (1), (2) 
and (3) and is sent to a reflow step which is not shown. 

Recently, a mounting interval between electronic 
10 components to be mounted on a circuit board is reduced to 

i3 

(3 approximately 0,15 ram and the same interval will tend to be 

*Q 

IU reduced increasingly in the future. In order to reduce an 

P 

Iff interval between components to be mounted, the soldering 

k is 



state of the electronic component has been fillet-less. In 
order to make the state fillet-less, it is necessary to 



l ^ prevent "extension wetting" in which a molten solder 

fH 

13 overflows and occurs "solder elevation" along the end face 

IU 

of the terminal of the electronic component as shown in Fig. 
30 (b) . The "solder elevation" is a phenomenon that a 

20 molten solder paste trickles upward along a electronic 
component when the electronic component is mounted on the 
solder paste. The "solder elevation" causes the "extension 
wetting" which causes generation of bridges between 
electronic components. Therefore, the width of a land to be 

25 formed on the circuit board is set to be equal to or 
smaller than the width of the terminal of the electronic 
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component such that the overflowed solder does not pollute 
the end face of the terminal. More specifically, an 
excessive solder does not stick to the end face of the 
terminal by setting the width of the land to be equal to or 
smaller than the width of the terminal of the electronic 
component- Consequently, it is possible to prevent the 
solder from extensively overflowing from a terminal surface 
on the land side. 

When an electronic component is to be soldered to 
the land, a solder paste ^is prin ted- on the land and the 
electronic component .is mounted in alignment with the 
position of the land, and a reflow process is then carried 
out. By the reflow process, the solder paste interposed 
between the land and the terminal of the electronic 
component is molten and fluidized. The electronic component 
is also moved to the center position of the land by a self- 
alignment effect. Consequently, mounting is carried out 
while positioning of the land is performed. 

In the conventional soldering method, however, the 
mounting is carried out with a target mounting position of 
the electronic component in alignment with the position of 
the land. Therefore, in the case in which the printing 
position of the solder paste is shifted from the position 
of the land, there is a problem in that a failure in 
soldering is occurred after the reflow process. Fig. 31(a) 
shows a state in which the electronic component is mounted, 



02- 3- 4; 5 : 20PM;NGB PATENT "DEFT PEARNE (81 35561 3956 # 12/111 



in alignment with the center position of each land, on the 
circuit board having the solder paste printed with a shift 
from the position of the land. Fig. 31(b) shows a result 
obtained by carrying out the reflow process over the 

s circuit board. 

In the case in which a positional relationship 
between the mounted electronic component and the printed 
solder paste is such that the solder paste is protruded 
from the end of the electronic component as shown, 
I* io "extension wetting" is occurred between the solder and the 

5 end of the electronic component during the reflow process. 
As a result, the solder unnecessarily floods^ over the side 
surface of the terminal of the electronic component so that 
a bridge is generated between the adjacent electronic 

6 is components or terminals. The bridge is not generated if 
□ the mounting interval between the electronic components is 

wide. However, the bridges are generated frequently in the 
circuit board having small intervals between the electronic 
components particularly that causes a remarkable decline in 
20 quality of the circuit board on which is mounted electronic 
components . 

Moreover, a solder paste printing apparatus can 
finely control the position of a land of a circuit board 
and a printing position of solder paste. However, it is 
25 hard to uniformly carry out alignment over the whole 
circuit board having small mounting internals of electronic 
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components, and substantially, it is very hard to 
completely correct a local shift . 

Summary of the Invention 
The invention has been made in consideration of 
5 such conventional problems- In order to solve the problems, 
the invention provides an electronic component mounting 
method and device, an electronic component mounting system, 
an electronic component mounting data creating method, a 

M mounting data creating device, and a program to be used 

13 

(3 io therein which can effectively utilize a self-alxgnment 

-fi 

jy effect even if the mounting interval of an electronic 

component is small . 

In order to solve the problems, a first aspect of 

5 

□ tne invention is directed to an electronic component 

W 

P is. mounting method for printing a solder paste on a circuit 
p board including a„land formed on the circuit board and for 

mounting an electronic component. The method includes the 
steps of detecting a printing position of the solder paste 
on the circuit board and mounting the electronic component 
20 by referring to the printing position of the solder paste. 

In the electronic . component mounting method, the 
printing position of the solder paste of the circuit board 
is detected at the printing position detecting step and the 
electronic component is mounted by using the detected 
25 printing position of the solder paste as a reference at the 
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mounting step. Consequently, when the solder paste is 
molten by a reflow process, a self-alignment effect/ which 
is being returned the electronic component to the position 
of the land by the fluidization of the solder paste, can be 
maintained to be great. Therefore, the electronic 
component can be reliably fixed into the land position even 
if the pri nt ing _position of the solder pas te is shifted 
from the position of the land. Also in the case in which 
the mounting interval of the electronic component is small, 
moreover, it is possible to enhance precision in the 
mounting position of the electronic component by 
effectively utilizing the self-alignment effect* 

A second aspect of the invention is directed to the 
electronic component mounting method, wherein a detected 
result of the printing position of the solder paste, which 
is an output at the printing position detecting step, is 
subjected to a feed-forward control to the mounting step, 
thereby mounting an electronic component. 

In the electronic component mounting method, the 
detected result of the printing position, which is an 
output of the printing position detecting step, is feed- 
forward controlled form the printing position detecting 
step to the mounting step. Consequently, a targeted 
mounting position of the electronic component can be 
instantaneously_settobe a solder paste printing position 
reference for the circuit board to be an object for 
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detecting the solder paste printing position so that the 
electronic component can be mounted with an enhancement in 
the self-alignment effect. 

A third aspect of the invention is directed to the 
s electronic component mounting method/ wherein a target 
mounting position of each electronic component is 
individually set based on a shift amount between a position 
of a land corresponding to the electronic component to be 
mounted and a printing position of the solder paste for the 

I* 10 land- 

P 

13 In the electronic component mounting method, the 

lU shift amount between the position of the land corresponding 

13 

Ifl to the electronic component and the printing position of 

7 the solder paste for the land is obtained for each 

n 15 electronic component. Then, the target mounting position 

^3 0 f the electronic component is individually set based on 

m 

P the shift amount obtained- Consequently, an optimum target 

m 

mounting position for each electronic component can be set 
and mounting precision can be enhanced. 

20 A fourth aspect of the invention is directed to the 

electronic component mounting method, wherein a shift 
amount between a position of a land corresponding to the 
electronic component to be mounted and the printing 
position of the solder paste for the land is obtained for 

25 all the electronic components to be mounted on the circuit 
board, and a target mounting position of each of the 
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electronic components is collectively set based on an added 
average value of the shift amounts thus obtained. 

In the electronic component mounting method, the 
shift amount between the position of the land corresponding 
to the electronic component to be mounted and the printing 
position of the solder paste is obtained for all the 
electronic components. Then, the added average, value of 
the shift amounts obtained is calculated. The added 
average value of the shift amounts is applied to all the 
electronic components of the circuit board to collectively 
set the target mounting position of each electronic 
component. Consequently, the target mounting position can 
be set simply and a time required for calculation can be 
shortened . 

A fifth aspect of the invention is directed to the 
electronic component mounting method, wherein the circuit 
board is divided into a plurality of blocks and a shift 
amount between a position of a land corresponding to an 
electronic component to be mounted in each block and the 
printing position of the solder paste for the land is 
obtained. Then, a target mounting position of the 
electronic component is set for each block based on the 
shift amount thus obtained. 

In the electronic component mounting method, the 
circuit board is divided into a plurality of blocks and the 
shift amount between the position of the land corresponding 
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to the electronic component to be mounted in each block and 
the printing position of the solder paste is obtained. 
Based on the shift amount of each block thus obtained, the 
target mounting position of the electronic component is set 
5 for each block. Consequently, even if the shift amount 
tends to be varied for each block, a proper target mounting 
position can be set in each block. Moreover, it keeps a 
region having a small shift from being influenced by a 
region having a great shift and it is possible to prevent 
!j 10 the shift from an original target mounting position of the 
region having the small shift from being increased. Thus, 
the self -alignment effect can be uniformly obtained over 
the whole circuit board and the mounting can be carried out 
with high precision in alignment, 
p 15 A sixth aspect of the invention is directed to the 

electronic component mounting method, wherein the blocks 
are obtained by an annular division from a peripheral edge 
of the circuit board toward a center. 

In the electronic component mounting method, the 
20 division is annularly carried out from the peripheral edge__ 
of the circuit board toward the center, thereby forming the 
blocks. Consequently, in the case in which the center of 
the circuit board has a small shift amount and the shift 
amount tends to be increased toward the peripheral edge, 
25 for example, it is possible to correct the target mounting 
position slightly on the center of the circuit board and 
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greatly toward the peripheral edge. Thus, it is possible 
to uniformly obtain the self -alignment effect over the 
whole circuit board, 

A seventh aspect of the invention is directed to 
the electronic component mounting method, wherein the block 
is obtained by dividing the circuit board like a lattice. 

In the electronic component mounting method, the 
circuit board is divided into blocks like a <3ra ttice. 
Consequently, in the case in which the shift amount of the 
corner portion of the circuit board is small and tends to 
be increased apart from the corner portion, for example, it 
is possible to correct the target mounting position 
slightly in the corner portion and greatly apart from the 
corner portion. Thus, the self-alignment effect can be 
uniformly obtained over the whole circuit. 

An eighth aspect of the invention is directed to 
the electronic component mounting method, wherein a self- 
alignment effect is decided from a shift state between a 
position of a land corresponding to the electronic 
component to be mounted and the printing position of the 
solder paste for the land. Then, a target mounting position 
of the electronic component is set by using the printing 
position of the solder paste as a reference when the self- 
alignment effect is great, while the target mounting 
position is set by using the position of the land as the 
reference when the self-alignment effect is small. 



4; 5:20PM; NGB PATENT OEPl 



PbrNrtNc 



; b I boob I dbbb 




In the electronic component mounting method, the 
self-alignment effect, which can be expected by mounting 
the electronic component, is decided based on the shift 
state between the position of the land and the printing 
position of the solder paste- And then, the target mounting 
position of the electronic component is set by using the 
printing position of the solder paste as a reference when 
the self-alignment effect is great, while the target 
mounting position is set by using the position of the land 
as a reference when the self -alignment effect is small. 
Consequently, it is possible to properly change the target 
mounting position corresponding to the self-alignment 
effect which can be expected. Moreover, it is possible to 
carry out the mounting such that the electronic component 
can always be fixed into the land position atter the reflow 
process of the circuit board. 

A ninth aspect of the invention is directed to the 
electronic component mounting method, wherein a correction 
value is set at an optional rate for a shift amount between 
a position of a land corresponding to the electronic, 
component to be mounted and the printing position of the 
solder paste for the land. Then, the target mounting 
position of the electronic component is changed from the 
position of the land toward the printing position of the 
solder paste based on the correction value thus set. 

In the electronic component mounting method, the 
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correction value is set in an optional ratio of 50%, 80% or 
100%, for example, with respect to the shift amount between 
the position of the land and the printing position of the 
solder paste. Therefore, the target mounting position of 
the electronic component is changed from the position of 
the land toward the printing position of the solder paste 
based on the correction value thus set. The self-alignment 
effect to be changed on fine conditions can be maintained 
to be optimum and the electronic component can be mounted 
with much higher precision. 

A tenth aspect of the invention is directed to the 
electronic component mounting method, wherein the 
correction value is set based on a degree of the self- 
alignment effect- The self-alignment is determined 
depending on a shift state of the position of the land 
corresponding to an electronic component to be mounted from 
the printing position of the solder paste for the land. 

In the electronic component mounting method, the 
correction value is set depending on the degree of the 
self-alignment effect determined by the shift state of the 
position of the land from the printing position of the 
solder paste. Consequently, the correction value can be 
directly reflected by the self-alignment effect so that the 
electronic component can be mounted with much higher 
precision. 

An eleventh aspect of the invention is directed to 
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the electronic component mounting method, wherein the 
correction value is set depending on a characteristic of a 
solder paste to be used. 

In the electronic component mounting method/ the 
correction value is set depending on the characteristic of 
the solder paste to be used. Consequently, it is possible 
to set a proper correction, value corresponding to various 
conditions such as a material composition, a frictional 
characteristic or a viscosity of the solder paste. 

A twelfth aspect of the invention is directed to 
the electronic component mounting method, wherein when the 
electronic component interferes with adjacent other 
electronic components over the circuit board during 
mounting of the electronic component on the circuit board, 
a mounting operation for the electronic component is not 
carried out. 

In the electronic component mounting method, when 
mounting the electronic component to which the target 
mounting position is set by using the printing position of 
the solder paste as a reference, the mounting operation for 
the electronic component is not carried out over the 
electronic component which interferes with adjacent other 
electronic components on the circuit board. Consequently, 
it prevents from occurring a failure in mounting beforehand. 
Moreover, it is possible to prevent the productivity of 
the circuit board from deteriorating . 
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A thirteenth aspect of the invention is directed to 
the electronic component mounting method/ wherein when the 
electronic component interferes with adjacent other 
electronic components over the circuit board during 
mounting of the electronic component on the circuit board, 
a target mounting position of the electronic component to 
be mounted is changed from a printing position of a solder 
paste toward a position of a land to a position in which 
the interference is not present. 

In the electronic component mounting method, when 
the electronic component interferes with the other 
electronic components during the mounting, the target 
mounting position of the electronic component to be mounted 
is changed from the printing position of the solder paste 
toward the position of the land to a position in which the 
interference is not present. Thus, it is possible to mount 
the electronic component without stop while maintaining the 
self -alignment effect to be required. Consequently, it is 
possible to prevent a recovery process from being carried 
out due to the stop of the mounting of the electronic 
component, and the mounting step can be thus carried out 
more quickly. 

A fourteenth aspect of the invention is directed to 
the electronic component mounting method, wherein when a 
shift amount between a position of a land corresponding to 
the electronic component to be mounted and a printing 
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position of a solder paste for the land exceeds a 
predetermined shift amount, a shift amount in a direction 
of rotation is obtained in addition to a shift amount in a 
horizontal direction. Then, a target mounting position and 
a target rotating angle of the electronic component are set 
based on the shift amounts in the horizontal direction and 
the direction of rotation. 

In the electronic component mounting method, when 
the shift amount of the position of the land from the 
printing position of the solder paste exceeds a 
predetermined shift amount, both of the shift amount in the 
direction of rotation and in the horizontal direction are 
obtained* Then, the target mounting position and the 
target rotating angle of the electronic component are set 
based on the shift amounts in the horizontal direction and 
the direction of rotation. Consequently, it is possible to 
set the target mounting position and the target rotating 
angle from which a desired self-alignment effect can be 
obtained with high precision, and mounting precision can be 
thus enhanced ♦ 

A fifteenth aspect of the invention is directed to 
the electronic component mounting method, wherein the 
printing position detecting step includes the steps of 
picking up an image of a circuit board printed a solder 
paste, reproducing a shape of a land hidden in the solder 
.paste of the , image picked up by interpolating with 
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previously registered land data, and obtaining a center of 
a position of the land from the shape of the land thus 
reproduced . 

In the electronic component mounting method, the 
printing position detecting step picks up an image of a 
circuit board having a solder paste printed thereon, 
reproduces a shape of a land hidden in the solder paste of 
the image picked up by interpolating with previously 
registered land data, and obtains a center of a position of 
the land from the shape of the land thus reproduced. 
Consequently, also in the case in which the complete shape 
of the land cannot be visually recognized, the shape of the 
land can be reproduced by using the land data and the 
center of the position of the land can be obtained 
accurately . 

A sixteenth aspect of the invention is directed to 
an electronic component mounting apparatus for mounting an 
electronic component on a circuit board having a solder 
paste printed for a land, wherein the electronic component 
is mounted on the circuit board by using, as a reference, a 
printing position of the solder paste of the circuit board. 

In the electronic component mounting apparatus, the 
mounting position of the electronic component is corrected 
by using, as a reference, the printing position of the 
solder paste on the detected circuit board. Thereby, the 
electronic component mounting apparatus carries out the 
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mounting. Consequently, when the solder paste is molten by 
the reflow process, the self-alignment effect of returning 
the electronic component into the position of the land by 
the fluidization of the solder paste can be maintained to 
5 be great. Also in the case in which the printing position 
of the solder paste is shifted from the position of the 
land, the electronic component can be reliably fixed into 
the position of the land. Also in the case in which the 
mounting interval between the electronic components is 

I"* 10 small, moreover, the precision in the mounting position of 

(3 

13 the electronic component can be enhanced by effectively 

*Q 

|y utilizing the self-alignment effect. 

n 

jpj A seventeenth aspect of the invention is directed 

" ;J ^ to the electronic component mounting apparatus, wherein 

i 

l ** 15 mounting data for mounting an electronic component on a 
13 circuit board are created based on the electronic component 

if? 

P mounting method according to any of the first to fifteenth 

iu 

aspects. 

In the electronic component mounting apparatus, the 
20 mounting data, for mounting the electronic component on the 
circuit board are created by the electronic component 
mounting apparatus. Consequently, the mounting data can be 
created by means of minimum equipment. 

An eighteenth aspect of the invention is directed 
25 to an electronic component mounting system for printing a 
solder paste on a. circuit board having a land formed on the 
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circuit board and mounting an electronic component based on 
the electronic component mounting method according to any 
of the first to fifteenth aspects, including a printing 
position detecting device for detecting a printing position 
of the solder paste of the circuit board, and an electronic 
component mounting apparatus for mounting an electronic 
component based on a result of detection of the printing 
position . 

The electronic component mounting system includes a 
printing position detecting device for detecting a printing 
position of the solder paste of the circuit board, and an 
electronic component mounting apparatus for mounting an 
electronic component based on a result of detection of the 
printing position. The electronic component is mounted by 
using the printing position of the solder paste as a 
reference. Consequently, when the solder paste is molten 
by the reflow process, the self-alignment effect of 
returning the electronic component into the land position 
by the fluidization of the solder paste can be maintained 
to be great. Also in the case in which the printing 
position of the solder paste is shifted from the position 
of the land, the electronic component can be reliably fixed 
into the position of the land. Also in the case in which 
the mounting interval between the electronic components is 
small, moreover, the precision in the mounting position of 
the electronic component can be enhanced by effectively 
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utilizing the self-alignment effect. 

A nineteenth aspect of the invention is directed to 
the electronic component mounting system, further including 
a solder paste printing apparatus for printing a solder 
paste on a circuit board having a land formed thereon by 
setting a position of the land to be a target position. 

The electronic component mounting system includes a 
solder paste printing apparatus for printing a solder paste 
on a circuit board having a land formed thereon by setting 
a position of the land to be a target position. Therefore, 
it is possible to consistently carry out a series of 
processes from the printing of the solder paste to the 
mounting of the electronic component and to quickly feed 
back the print shift of the solder paste detected by the 
printing position detecting device to the solder paste 
printing step for another circuit board. 

A twentieth aspect of the invention is directed to 
the electronic component mounting system, wherein the 
printing position detecting device is constituted 
integrally with the solder paste printing apparatus. 

In the electronic component mounting system, the 
printing position detecting device is constituted 
integrally with the solder paste printing apparatus. 
Consequently, an installation space can be reduced and a 
process for delivering the circuit board can be simplified 
so that a high-speed process can be carried out still more. 
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A twenty- first aspect of the invention is directed 
to the electronic component mounting system, wherein the 
printing position detecting device is constituted 
integrally with the electronic component mounting apparatus. 

In the electronic component mounting system, the 
printing position detecting device is constituted 
integrally with the electronic component mounting apparatus. 

Consequently, an installation space can be reduced and a 
process for delivering the circuit board can be simplified 
so that a high-speed process can be carried out still more. 

A twenty-second aspect of the invention is directed 
to the electronic component mounting system, further 
including a host computer connected to at least the 
printing position detecting device and the electronic 
component mounting apparatus through a communication line 
and serving to receive a result of detection of a printing 
position from. the printing position detecting device and to 
transmit a feed-forward signal to the electronic component 
mounting apparatus • 

In the electronic component mounting system, at 
least the printing position detecting device and the 
electronic component mounting apparatus are connected to 
the host computer through the communication line, and the 
result of detection of the printing position is input from 
the printing position detecting device to the host computer 
and the feed-forward signal is output from the host 
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computer to the electronic component mounting apparatus. 

Consequently, each apparatus can be generally managed. 

Also in the case in which a plurality of electronic 

component mounting systems are constructed, they can be 

easily connected and generally managed. 

A twenty-third aspect of the invention is directed 
to an electronic component mounting data creating method, 
wherein mounting data for mounting an electronic component 
on a circuit board based on the electronic component 
mounting method according to any of the first to fifteenth 
aspects are created by the electronic component mounting 
apparatus . 

In the electronic component mounting data creating 
method, mounting data for mounting an electronic component 
on a circuit board based on the electronic component 
mounting method according to any of the first to fifteenth 
aspects are created by the electronic component mounting 
apparatus. Consequently, it is possible to create the 
mounting data by means of minimum equipment. 

A twenty-fourth aspect of the invention is directed 
to an electronic component mounting data creating method, 
wherein mounting data for mounting an electronic component 
on a circuit board based on the electronic component 
mounting method according to any of the first to fifteenth 
aspects are created by an external device connected to the 
electronic component mounting apparatus and the mounting 
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data thus created are fetched into the electronic component 
mounting apparatus . 

In the electronic component mounting data creating 
method, mounting data for mounting an electronic component 
on a circuit board based on the electronic component 
mounting method according to any of the first to fifteenth 
aspects are created by an external device connected to the 
electronic component mounting apparatus and are then 
fetched* Even if the electronic component mounting 
apparatus is carrying out the mounting operation, 
consequently, the mounting data can be created. Thus, 
workability for data creation can be enhanced and the 
operating efficiency of producing equipment can be 
increased. 

A twenty-fifth aspect of the invention is directed 
to an electronic component mounting data creating method of 
creating mounting data for mounting an electronic component 
on a circuit board based on the electronic component 
mounting method according to any of the first to fifteenth 
aspects, wherein a correction amount for changing a target 
mounting position of the electronic component from a 
position of a land toward a printing position of a solder 
paste is collectively set based on a type of the solder 
paste to be used by utilizing a table previously 
registering a degree of a self-alignment effect for each 
type of the solder paste. 
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In the electronic component mounting data creating 
method, the correction amount for changing the target 
mounting position of the electronic component from the 
position of the land toward the printing position of the 
solder paste is collectively set by referring to the table 
based on the type of the solder paste to be used so that 
the self-alignment effect to be changed depending on 
various characteristics of the solder paste is obtained. 
Consequently, a time and labor for inputting the 
characteristics one by one can be omitted and the mounting 
data can be created easily. 

A twenty-sixth aspect of the invention is directed 
to an electronic component mounting data creating method of 
creating mounting data for mounting an electronic component 
on a circuit board based on the electronic component 
mounting method according to any of the first to fifteenth 
aspects, wherein a correction amount for changing a target 
mounting position of the electronic component from a 
position of a land toward a printing position of a solder 
paste is collectively set based on an electronic component 
to be mounted and a type of the solder paste to be used by 
utilizing a table previously registering a degree of a 
self-alignment effect depending on a combination of a type 
of the electronic component and that of the solder paste. 

In the electronic component mounting data creating 
method, the correction amount for changing the target 
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mounting position of the electronic component from the 
position of the land toward the printing position of the 
solder paste is collectively set by using the table based 
on the electronic component to be mounted and the type of 
the solder paste to be used. Consequently, a time and 
labor for inputting various self-alignment effects one by 
one depending on the combination- of the type of the 
electronic component and the solder paste to be used and 
the mounting data can be created easily. 

A twenty-seventh aspect of the invention is 
directed to a mounting data creating device provided 
separately from an electronic component mounting apparatus 
and serving to create mounting data for mounting an 
electronic component on a circuit board based on the 
electronic component mounting method according to any of 
the first to fifteenth aspects. 

In the mounting data creating device, the mounting 
data for mounting the electronic component on the circuit 
board are created irrespective of the electronic component 
mounting apparatus, and the electronic component mounting 
apparatus is subsequently caused to fetch the mounting data 
thus created. Consequently, even if the electronic 
component mounting apparatus is carrying out the mounting 
operation, the mounting data can be created- Thus, 
workability for data creation can be enhanced and the 
operating efficiency of producing equipment can be 
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increased. 

A twenty-eighth aspect of the invention is directed 
to a program in which mounting data for mounting an 
electronic component on a circuit board based on the 
electronic component mounting method according to any of 
the first to fifteenth aspects are recorded and used for an 
electronic component mounting apparatus. 

The program recording mounting data for mounting an 
electronic component on a circuit board based on the 
electronic component mounting method according to any of 
the first to fifteenth aspects is used for an electronic 
component mounting apparatus. Consequently, it is possible 
to mount the electronic component with the self-alignment 
effect enhanced. 

Brief Description of the Drawings 

Fig, 1 is a view schematically showing the step of 
printing a solder paste onto a circuit board having a land 
formed thereon to the step of mounting an electronic 
component . 

Fig. 2 is a view showing a positional relationship 
between the land formed on the circuit board, the printed 
solder paste and the electronic component to be mounted. 

Fig. 3(a), (b) and (c) are views illustrating the 
self-alignment effect of the mounted electronic component 
in a P - P section of Fig. 2. 
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Fig. 4(a), (b) and (c) are views illustrating the 
self-alignment effect of the mounted electronic component 
in the P - P section of Fig, 2, 

Fig. 5 is a perspective view showing the appearance 
of a printer, a part of which is taken away. 

Fig. 6 is a view showing the detailed structure of 
a table portion* 

Fig. 7 is a perspective view showing a print unit, 
a part of which is a section. 

Fig. 8 is a perspective view showing the appearance 
of the structure of a inspecting apparatus, a part of which 
is taken away. 

Fig, 9 is a perspective view showing an electronic 
component mounting apparatus . 

Fig, 10 is an enlarged perspective view showing the 
transfer head of the electronic component mounting 
apparatus, 

Fig. 11 is a block diagram showing the structure of 
a control device for controlling the electronic component 
mounting apparatus . 

Fig, 12 is a block diagram showing the structure of 
mounting data to be used in the electronic component 
mounting apparatus . 

Fig. 13 is a flow chart showing the procedure for 
changing the target mounting position of an electronic 
component from the position of a land to be usually used to 
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the printing position of a solder paste, 

Fig. 14 is a view schematically illustrating the 
contents of check obtained by the inspecting apparatus. 

Fig. 15 is a diagram illustrating a state in which 
the central position of the shape of a land is to be 
measured. 

Fig. 16 is a view illustrating center-of-gravity 
positions Oci and 0 C2 of the solder paste printed on the 
circuit board and shift amounts a and $ in X and Y 
directions, 

Fig. 17 is a view illustrating a shift amount 6 in 
the direction of rotation of the solder paste printed on 

the circuit board, 

Fig. 18(a) and Fig. 18 (b) show patterns for 
dividing the circuit board into the optional number of 
blocks. Fig. 18(a) shows an example in which the circuit 
board is annularly divided into regions from the peripheral 
edge of the circuit board toward a center and Fig. 18(b) 
showing an example in which the circuit board is divided 
into regions like a lattice. 

Fig. 19 is a diagram showing a table for various 
parameters of the weight and shape of the electronic 
component to be mounted and the solder paste to be used. 
Fig. 19 also shows the combination of the type of the 
electronic component to be actually used and the material 
of the solder paste by utilizing the table. 
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Fig. 20(a) and Fig. 20(b) show states in which the 
solder paste is printed into the position of a land. Fig. 
20 (a) shows a state in which the solder paste is printed 
with a shift from the center of the land. Fig. 20(b) shows 
a state in which the solder paste is printed with a 
protrusion from the land- 

Fig. 21 is a flow chart according to a fifth 
embodiment of an electronic component mounting method in 
accordance with the invention. 

Fig. 22 is a view showing a state in which adjacent 
electronic components interfere with each other. 

Fig. 23 is a view showing an example of a structure 
according to a first variant of an electronic component 
mounting system for implementing the electronic component 
mounting method according to each embodiment ^Fig , 24 is a 
view showing an example of a structure according to a 
second variant of the electronic component mounting system 
for implementing the electronic component mounting method 
according to each embodiment . 

Fig. 25 is a view showing an example of a structure 
according to a third variant of the electronic component 
mounting system for implementing the electronic component 
mounting method according to each embodiment. 

Fig. 2 6 is a view showing the appearance of an 
electronic component mounting apparatus including a rotary 
head. 
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Fig- 27 is a schematic sectional view showing the 
rotary head for explaining the operation of the rotary head- 
Fig. 28 is a diagram showing results obtained by 
"comparing self-alignment effects on two conditions. 

Fig. 2 9 is a view showing the step of manufacturing 
a circuit board mounted on an electronic component 
according to a conventional art. 

Fig. 30(a) and Fig. 30(b) are views for explanation 
how '"extension wetting" is occurred- Fig 30(b) shows a 
state of "solder elevation" in which a molten solder 
trickles upward along the end face of the terminal of the 
electronic component. 

Fig. 31(a) and Fig. 31(b) are views showing 
failures in soldering caused by the shift of the printing 
position of a solder paste. Fig. 31(a) shows a state in 
which an electronic component is mounted on a circuit board 
having a solder paste printed with a shift from the 
position of a land in alignment with the central position 
of each land. Fig. 31(b) shows a result obtained by 
carrying out a reflow process over the circuit board when 
the "extension wetting" is occurred. 

Detailed Description of the Preferred Embodiments 

An electronic component mounting method and 
apparatus, an electronic component mounting system, an 
electronic component mounting data creating method, a 



29 



4; 5 : 2 D PM ; NGB PATENT DEPT P EARN E ; 81 3 556 1 3356 




mounting data creating device and a program to be used 
therein according to embodiments of the invention will be 
described below in detail with reference to the drawings. 

Fig. 1 is a view schematically showing a process 
for printing a solder paste on a circuit board having a 
land formed thereon and mounting an electronic component . 
In the embodiment, first of all, the circuit board is fed 
to a solder paste printing apparatus 100 and the solder 
paste is printed corresponding to the position of a land on 
the circuit board- Then, the land and the solder paste are 
recognized to inspect a shift thereof by means of a 
inspecting apparatus 200 in a latter stage. The result of 
the inspection is transmitted to an electronic component 
mounting apparatus 300 in a further latter stage and the 
circuit board having the solder paste printed thereon is 
fed to the electronic component mounting apparatus 300, 
The electronic component mounting apparatus 300 co rrects 
the mounting position of the electronic component based on 
the result of the inspection which is transmitted from the 
inspecting apparatus 200 with respect to the fed circuit 
board, and the electronic component is mounted in the 
corrected position. The basic contents of a process for 
manufacturing the circuit board are described above. The 
invention is characterized in that the electronic component 
is mounted by using, as a reference, the printing position 
of the solder paste printed on the circuit board. In this 
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specification, the solder paste implies a paste-like solder 
obtained by mixing solder powder into a flux having a high 
viscosity . 

Detailed description will be * given to the principle 
of the electronic component mounting method of mounting an 
electronic component by using a solder paste printing 
position as a reference according to the invention. 

Fig. 2 is a view showing a positional relationship 
between a land formed on a circuit board, a printed solder 
paste and an electronic component to be mounted, and Figs. 
3 and 4 are views illustrating the self-alignment effect of 
the mounted electronic component in a P - P section of Fig. 
2, respectively. 

As shown in Fig. 2, solder pastes 16a and 16b are 
printed on lands 14a and 14b formed on a circuit board 12 
in a position shifted from a land center line LI by a 
distance AL. In this case, an electronic component 18 is 
mounted in alignment with the positions of the solder 
pastes 16a and 16b and a center line Lc of the solder 
pastes 16a and 16b is almost coincident with a center line 
Lp of the electronic component. When the reflow process is 
carried out in this state, the solder paste is molten and 
fluidized over the land. In the early stage of the 
f luidization, a solder 20 extensively wets due to 
"immersion wetting" which is generally caused during 
capillary permeation as shown in Fig* 3(a). When the 
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solder 20 extensively wets both end faces 18a and 18a' of 
the electronic component 18 as shown in Fig. 3(b), the 
"extension wetting" of the solder on the component end face 
side is stopped and only the solder on the land 14 side 
extensively wets. Consequently, the solder 20 moves the 
electronic component 18 in the direction of an arrow to 
bring a stable state having a dynamic balance. This acts 
as the self-alignment effect so that the electronic 
component 18 is finally provided in such a position that 
the center line LI of the land 14 is coincident with the 
center line Lp of the electronic component 18 as shown in 
Fig. 3 (c) . 

In some cases, moreover, the self-alignment effect 
acts as shown in Fig. 4. When the solder 20 is molten as 
shown in Figs. 4(a) and (b) , the electronic component 18 is 
moved with the "extension wetting" generated by the 
"immersion wetting" so that the self alignment effect can 
be obtained. When the "extension wetting" of the solder 2 0 
over the land 14 is completed and the solder 20 is brought 
into the stable state having a dynamic balance as shown in 
Fig, 4(c), the movement of the electronic component 18 is 
also stopped. Accordingly, the electronic component 18 is 
finally provided in such a position that the center line LI 
of the land 14 is coincident with the center line Lp of the 
electronic component 18. 

According . to such a self-alignment effect/ in the 
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case in which the electronic component is to be mounted by- 
setting the land position to be the target mounting 
position, a probability that the shift of the electronic 
component will be corrected is approximately 50% when a 
shift of SO p. m or more is caused, for example. On the 
other hand, in the case in which the electronic component 
is to be mounted by setting the position of the printed 
solder paste to be the target mounting position, the shift 
can be corrected with a probability of 80 to 90% by the 
self-alignment effect even if the shift of 50/xm or more is 
caused. 

Next, description will be given to an example of a 
structure of the electronic component mounting system for 
mounting an electronic component by using the self- 
alignment effect. The specific structures of the solder 
paste printing apparatus 100, the inspecting apparatus 200 
and the electronic component mounting apparatus 300 
according to the embodiment will be described below. 

First of all/ the solder paste printing apparatus 
according to the embodiment (which will be hereinafter 
referred to as a printer) can have a structure shown in Fig. 
5, for example. Fig. 5 is a perspective view showing the 
appearance of the printer 100, a part of which is taken 
away. The printer 100 includes a circuit board delivering 
unit 22 for delivering the circuit board 12 to be a solder 
paste printing object into and from the printer 100, a 
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table unit 2 6 for mounting the delivered circuit board 12 
thereon to be moved to the lower surface of a printing mask 
24, and a printing unit 30 for printing the solder paste by 
squeegees 28a and 28b above the circuit board 12 positioned 
on the lower surface of the printing mask 24. 

According to the printer 100, the circuit board 12 
is delivered in the following manner. More specifically, 
the circuit board delivering unit 22 receives the circuit 
board 12 delivered from a stocker or a line and feeds the 
circuit board 12 to the table unit 26 provided in the 
printer 100. The table portion 2 6 positions and fixes the 
circuit board 12 thus fed, and moves the circuit board 12 
to a predetermined position on the lower surface of the 
printing mask 24 of the printing unit 30* Moreover, when 
the printing process of the printing unit 30 is completed, 
the table unit 26 delivers the circuit board 12 from the 
printing unit 30 to the circuit board delivering portion 22. 

Then, the circuit board delivering unit 22 takes the 
circuit board 12 from the table unit 2 6 and discharges the 
circuit board 12 to a delivery outlet, which is not shown. 

Fig, 6 shows the detailed structure of the table 
unit 26. The table portion 26 includes a board mounting 
table 34 capable of fixing the circuit board 12 through a 
holding member 32 and moving and rotating the circuit board 
12 by a motor control in directions of X, Y, Z and 6 shown 
in the drawing,. a board recognizing camera 3 6 for 
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recognizing an alignment mark on the circuit board 12, and 
a mask recognizing camera 38 for recognizing an alignment 
mark on the printing mask 24. 

The board recognizing camera 3 6 picks up the image 
of the alignment mark provided previously on the circuit 
board 12 to be a printing object which is fed from the 
circuit board delivering unit 22 to the table unit 26. The 
image thus picked up is processed to recognize a mark 
position. Consequently, the position of the circuit board 
12 can be managed accurately and the positioning can be 
carried out in a predetermined position for printing with 
high precision. 

Moreover, the mask recognizing camera 38 picks up 
the image of the alignment mark provided previously on the 
printing mask 24 . The image thus picked up is processed to 
recognize a mark position* Consequently, the circuit board 
12 can be positioned with high precision in a proper 
position corresponding to the perforation pattern of the 
printing mask 24. The circuit board delivering unit 22 and 
the table unit 26 can be constituted by using a loader, an 
unloader and a 4-axis stage which are generally used widely. 

Fig. 7 is a perspective view showing the printing 
unit 30, a part of which is a section. The printing unit 
30 moves a pair of squeegees 28a and 28b in both forward 
and backward print directions on the upper side of the 
printing mask 24 in such a state that the circuit board 12 
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fixed onto the board mounting base 34 by the holding member 
32 is provided on the lower side of the printing mask 24. 
Thus, the solder paste is printed on the circuit board 12. 
The squeegee 28a is used during the printing in the 
5 backward direction and the squeegee 28b is used during the 
printing in the forward direction. 

After the solder paste is printed in the position 
of the land formed on the circuit board 12 by using the 
printer 100 having the structure described above, the 
10 printed circuit board 12 is taken out of the printer 100 

b 

p and is fed to the inspecting apparatus 200 in the latter 



m 



Q 



stage . 



1*1 

;pj Next, the structure of the inspecting apparatus 200 

^ will be described. Fig. 8 is a perspective view showing 

13 is the appearance of the structure of the inspecting apparatus 

m 

15 200, a part of which is taken away. The inspecting 



apparatus 200 includes a printing position detecting device 

for detecting the printing position of the solder paste 

printed on the circuit board. The inspecting apparatus 200 

20 includes a board delivering portion 4 0 for delivering the 

v 

circuit board JL O^ thus fed, light sources 4 4 and 4 4 such as 
fluorescent lamps for illuminating the circuit board 12 
stationary in a inspecting unit 42 in an oblique direction, 
and an image pick-up camera 4 6 for picking up the image of 
25 a board surface from above the circuit board 12. In the 
inspecting apparatus 200, the image of the circuit board 12 
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illuminated by the light sources 44 and 44 is picked up by 
the image pick-up camera 4 6 and the image thus picked up is 
processed by a controller (not shown) provided in the 
inspecting apparatus 200. Consequently, each land of the 
circuit board 12 and the printed solder paste are detected 
to obtain a corresponding shift amount thereof. 
Information about the shift amount thus obtained is once 
retained in the controller and is transmitted as a result 
of check to the electronic component mounting apparatus 300 
in the latter stage- 

Moreover, the result of inspection is fed back to 
the solder paste printing apparatus 100 and the solder 
paste printing apparatus 100 is regulated to quickly 
correct the print shift of the solder paste. 

Next/ the structure of the electronic component 
mounting apparatus will be described. 

Fig* 9 is a perspective view showing the electronic 
component mounting apparatus, Fig. 10 is an enlarged 
perspective view showing the transfer head of the 
electronic component mounting apparatus, Fig, 11 is a block 
diagram showing the structure of a control device for 
controlling the electronic component mounting apparatus, 
and Fig, 12 is a block diagram showing the structure of 
mounting data to be used in the electronic component 
mounting apparatus. 

The structure of the electronic component mounting 
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apparatus 300 will be simply described. As shown in Fig. 9, 
the electronic component mounting apparatus 300 is provided 
with a guide rail 52 of the circuit board 12 on the center 
of the upper surface of a base 50, and the circuit board 12 
is delivered from a board delivery-in unit 54 on one of end 
sides to a mounting position 56 of the electronic component/ 
and furthermore, from the mounting position 56 to a board 
delivery-out unit 58 on the other end side through the 
delivery belt of the guide rail 52. 

Y tables 60 and 62 are provided in both side 
portions of the upper surface of the base 50 provided above 
the circuit board 12 respectively, and an X table 64 is 
provided between the two Y tables 60 and 62. Moreover, a 
transfer head 66 is attached to the X table 64 . 
Consequently, the transfer head 66 can be moved in an X-Y 
plane . 

The transfer head 66 mounted on an XY robot 
including the X table 64 and the Y tables 60 and 62 and 
movable over the X-Y plane (horizontal plane) is 
constituted such that a desirable electronic component is 
held through an suction nozzle 72 from a component feeding 
member 68 for feeding an electronic component such as a 
resistance chip or a chip capacitor or a component feeding 
tray 7 0 for feeding a comparatively large-sized electronic 
component such as an IC, for example, an SOP or a GFP or a 
connector and the sucking attitude of the electronic 
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component is detected from a recognizing device 74 and the 
electronic component is then mounted in the predetermined 



component mounting operation is controlled based on a 
preset mounting program (hereinafter referred to as 
mounting data) by the control device • Data can be input to 
the control device through an operation panel 76. 

A large number of component feeding member 68 are 
arranged on both ends of the guide rail 52 and a tape- 
shaped component roll accommodating an electronic component 
such as a resistance chip or a chip capacitor is attached 
to each of the component feeding member 68. 

Moreover, the component feeding tray 70 can mount 
two trays 70a in total which are elongated in a direction 
orthogonal to the guide rail 52, and each of the trays 70a 
is so constituted as to slide toward the guide rail 52 side 
corresponding to the number of components to be fed, 
thereby maintaining a component take-out position in a Y 
direction to be a constant position. 

The recognizing device 74 for detecting the two- 
dimensional shift (sucking attitude) of the electronic 
component held in the suction nozzle 72 and for correcting 
the shift on the transfer head 66 side is provided in the 
side portion of the circuit board 12 positioned on the 
guide rail 52- The attitude recognizing camera is provided 
in a bottom portion on the inside of the recognizing device 



position of the circuit board 12. 



Such an electronic 
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74 and a plurality of light emitting elements such as a 
light emitting diode LED for illuminating the electronic 
component held in the suction nozzle 72 are provided in a 
multi-stage on the internal surface of a housing around the 
attitude recognizing camera. Consequently, light can be 
irradiated on the mounting surface of the electronic 
component at a desirable angle and an image can be picked 
up at a proper illumination angle according to the type of 
the component- The illumination angle is set for each 
electronic component based on preset data for component 
recognition. Moreover, the image pick-up data obtained by 
the recognizing device 74 are subjected to a recognition 
process by the control device, and the central position or 
the electrode position of the electronic component is 
recognized and is used for correction data on a mounting 
position and an angle. 

As shown in Fig* 10, the transfer head 66 is 
constituted as a multiple multi-head having a plurality of 
(four in the embodiment) attachment heads (a first 
attachment head 78a, a second attachment head 78b, a third 
attachment head 7 8c and a fourth attachment head 7 8d) 
coupled in a transverse direction. The four attachment 
heads 78a to 7 8d have the same structure and include the 
suction nozzle 72, an actuator 80 for causing the suction 
nozzle 72 to carry out a vertical operation, and a motor 82, 
a timing belt 84 and a pulley 86 for rotating the suction 
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nozzle 72 itself- 

The suction nozzle 72 of each attachment head is 
exchangeable and other suction nozzles are previously 
accommodated in a nozzle stocker 88 provided on the base 50 
of the electronic component mounting apparatus 300. 
Examples of the suction nozzle 72 include an S size nozzle 
for holding a very small chip . component having a size of 
approximately 1.0 x 0.5 mm and an M size nozzle for holding 
a QFP of 18 mm square which are selectively used depending 
on the type of the electronic component to be attached- 

In a block diagram of Fig* 11 showing a main 
structure, the control device includes an I/O processing 
circuit 90 for digitally converting an image signal sent 
from the attitude recognizing camera of the recognizing 
device 7 4 and fetching the signal thus obtained and for 
fetching a result of check from the inspecting apparatus 
200/ a microcomputer 92 for fetching digital data through 
the I/O processing circuit 90 and carrying out various 
information processings such as an image processing, an 
image memory 94 for storing image data, and a data base 96 
storing various mounting data for executing a predetermined 
control program. Moreover, the control device includes 
drivers 99a to 99d for driving X, Y, Z and 9 axes to drive 
motors 98a and 98b for controlling X-axis and Y-axis 
movement of an XY robot shown in Fig. 9 in response to an 
instruction sent from the microcomputer 92, a motor 98c (an 
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actuator 80) for controlling Z-axis movement for the 
attachment heads 78a to 78d shown in Fig. 11, and a motor 
98d (motor 82) for controlling 0 -axis movement* 

Furthermore, the control device includes a reading 
device 112 for reading mounting data for carrying out the 
mounting operation for mounting the electronic component on 
at least the circuit board 12 from an information storage 
medium (for example, a magnetic recording medium, a 
magneto-optic recording medium, an optical recording medium 
or a solid-state storage element such as a flash memory) 
110 storing the mounting data* The mounting data may be 
provided from the information recording medium 110 through 
a network to be a communication line - 

The mounting data include an NC program 114 
recording information about a mounting position onto the 
circuit board 12, a component feeding position in the 
component feeding member 68 or the component feeding tray 
7 0, or a mounting order, an array program 116 recording 
information about the arrangement of the electronic 
component in each component feeding position, a component 
library 118 recording information about the shape of the 
electronic component, a mark library 120 recording 
information about the shape of a board mark such as a mark 
for aligning the circuit board, and board data 122 
recording information about the shape of the circuit board 
and the shape of a land. 
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Next, description will be given to the mounting 
operation to be carried out by the electronic component 
mounting apparatus 300 having the structure described above. 

First of all/ the circuit board 12 delivered from 
the inspecting apparatus 200 is fed from the board 
delivery-in portion 54 of the guide rail 52 into the device 
and is delivered to the predetermined mounting position 56. 
Moreover, the result of inspection, which is transmitted 
from the inspecting apparatus 200, is input to the control 
device. 

Subsequently, the transfer head 66 is moved in the 
X-Y plane through the XY robot to adsorb and hold a 
predetermined electronic component from the component 
feeding member 68 or the component feeding tray 7 0 based on 
a preset mounting program. Then, the transfer head 66 is 
moved onto the attitude recognizing camera of the 
recognizing device 7 4 with the electronic component held so 
that the sucking attitude of the electronic component is 
recognized. Consequently, a positional relationship 

between the suction nozzle 72 and the electronic component 
thus sucked and held is detected. Based on the result of 
inspection which is input from the inspecting apparatus 2 00, 
then, the target mounting position of the electronic 
component is changed from the position of a land to be 
usually used to the printing position of the solder paste 
and a shift of the suction nozzle 72 from the electronic 
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component which is caused by the recognized sucking 
attitude is corrected to mount the electronic component on 
the circuit board 12. 

The operation for changing a target mounting 
5 position and a correcting operation depending on the 
recognized sucking attitude can be carried out by causing 
the XY robot to have shift amounts in X and Y directions as 
offsets and rotating the suction nozzle 72 through the 
motor 82 by a shift amount for a rotating component, for 
10 example. 



Q A procedure for changing the target mounting 

IV 

!□ 

solder paste based on the result of inspection which is 



position of the electronic component from the position of 
the land to be usually used to the printing position of the 



□ is input from the inspecting apparatus 200 will be described 
|3 m detail with reference to a flow chart shown in Fig. 13. 



First of all, the circuit board 12 is delivered 
into the printer 100 and a solder paste is printed 
corresponding to each land formed on the circuit board 12 

20 (S10) . Then, the circuit board 12 is delivered from the 
printer 100 and is delivered into the inspecting apparatus 
200 in a latter stage. 

Referring to Fig. 14 schematically showing the 
contents of inspection, in the inspecting apparatus 200, a 

25 land 14 formed on the circuit board 12 and the solder paste 
16 printed by setting the land 14 in a target position are 
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illuminated by the light source 44 and an image is picked 
up by the image pick-up camera 46. The image thus picked 
up is separated into a land portion 12 6 and a solder paste 
portion 128 based on a difference in a luminance of each 
5 pixel through an image processing and the missed portion of 
the land which is interposed between the solder paste 16 
and the circuit board 12 and of which image is not picked 
up is reproduced by an interpolating process by using 
prepared land data registering the shape of the land. For 
i« io example, it is possible to accurately reproduce a complete 
p shape of the land by precisely detecting the feature of the 

10 shape of the land other than the missed portion (an edge 

(3 

jjfj- component such as a corner portion or a side of which image 

*~ is picked up) and estimating the position of the feature of 

3 

Q 15 the residual shape from the position of the feature of the 

w 

P shape thus detected while carrying out collation with the 

m 

(3 shape of the land which is registered in the land data, 

iU 

Next, the position of the center of the land shape 
thus separated and reproduced is measured (Sll) . As shown 

20 in Fig. 15, center-of-gravity positions 0 Li (x a , y x ) and O l2 
(x 2 , y 2 ) of the lands 14a and 14b of the circuit board 12 
are measured by setting, as a reference position, any board 
mark 130 for alignment which is provided in the diagonal 
line position of the circuit board 12 (or an individual 

25 mark provided for another purpose) , A middle point 
connecting the center-of-gravity positions 0 L i and O lz are 



45 



4; 5:20PM;NGB PATENT DEPT 



PEARNE 



; 81 35561 3956 



set to a land center point (xl> Yl) • 

Similarly, a solder paste printing position is 
measured from the separated solder paste portion 128 (S12) • 
As shown in Fig. 16, center-of-gravity positions 0 C i (X3, 
y 3 ) and 0 C 2 (x 4 , y<) of the solder pastes 16a and 16b 
printed on the circuit board 12 are measured. A middle 
point connecting the center-of-gravity positions Oca. and 0 C 2 
is set to a solder paste center point O c (x C/ yc> - Thus, 
the land center position Ol and the solder paste center 
position Oc are determined* Therefore, shift amounts a and 
B in the X and Y directions are obtained from the center 
positions O l and O c (S13) . 

Next, the shift amounts a and 3 thus obtained are 
compared with a predetermined allowable value of a 
shift(S14). If the shift amounts a and 0 are equal to or 
greater than the allowable value of a shift/ there is a 
possibility that the shift might be caused in the direction 
of rotation as shown in Fig. 17. Therefore, a shift amount 
8 in the direction of rotation is measured (S15) . The 
shift amount 6 is obtained by an equation (1), for example. 
6 = tan -1 { (y 3 + y 4 ) / (x 3 - x<) } (1) 
If the shift amounts a and Q are s mal ler than the 
allowable value of a shift, the measurement of the shift 
amount 0 in the direction of rotation is om itted to assume 
6 =0, Also in the case in which the amounts a and /J are 
smaller than the. allowable value of a shift, the shift 
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amount 0 in the direction of rotation may be obtained 
positively. 

By using the shift amounts a, 0 and 0 in the X and 
Y directions and the direction of rotation between the 
position of the land and the printing position of the 
solder paste/ the electronic component 18 is mounted by 
using the printing position of the solder paste to be a 
reference as shown in Fig. 2 (S16) . More specifically, the 
electronic component 18 is mounted by controlling the X- 
axis motor 98a, the Y-axis motor 98b, the Z-axis motor 98c 
and the 0 -axis motor 98d (see Fig. 11) which are mounted 
on the XY robot and the attachment head in the electronic 
component mounting apparatus 3 00 such that the central 
position of the electronic component 18 is coincident with 
the central positions of the solder pastes 16a and 16b 
printed with the shift amounts of a , j3 and 0 with respect 
to the. lands 14a and 14b. 

The target mounting position can also be varied 
successively on the electronic component mounting apparatus 
300 side during the mounting of the electronic component, 
and furthermore, the mounting position recorded in the NC 
program 114 of the mounting data shown in Fig. 12 may be 
changed, for example. Moreover, the target mounting 
position may be changed to carry out 100% correction with 
respect to each of the shift amounts of a , j3 and 0 . 
Furthermore, the shift amount may be changed by an optional 
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rate between 0 and 100% for the shift amount. In this case 
a fine control can be carried out to make the best of the 
self-alignment effect that is changed on slightly 
conditions and the optimum mounting state can be obtained. 

According to the electronic component mounting 
method described above, the result of detection of the 
printing position, which is output at the printing position 
detecting step, is subjected to a feed-forward control to 
the mounting step. Consequently, it is possible to 
instantaneously set, as a solder paste printing position 
reference, the target mounting position of the electronic 
component on the circuit board to be a object for detecting 
solder paste printing position. Moreover, the self- 
alignment effect in which the electronic component once 
mounted is moved to a normal land position by the reflow 
process can be produced at a maximum and a bridge can be 
prevented from being generated by the unnecessary 
"extension wetting" of the solder over the side surface of 
the electronic component terminal also in the circuit board 
having a small mounting interval between the electronic 
components, and it is possible to maintain the quality of 
the circuit board which has been subjected to the mounting 
to be high and to stably mount the electronic component at 
a high density. Moreover, since an optimum target mounting 
position can be set for each electronic component, the 
precision in the mounting can be enhanced. 



48 



02- 3- 4; 5:20PM:NGB PATENT DEPT 



PEARNE 



;813o56139bb 



ff o // I i i 



In the electronic component mounting method, the 
position of the. land is not measured but only the printing 
position of the solder paste may be detected to mount the 
electronic component by setting the printing position of 
the solder paste to be the target mounting position. 

Next, description will be given to a jsj 



embodiment of the electronic component mounting method 

according to the invention. 

While the position of the land and the printing 
10 position of the solder paste are detected every electronic 
!=} component for each electronic component to be mounted on 

^0 the circuit board and the shift amounts thereof are 

□ obtained to change the mounting position of the electronic 

i^j component in the first embodiment, a shift amount between 

p 15 the position of a land and the position of a printed solder 
|t r paste is obtained for all the electronic components to be 

In mounted on the circuit board and an average value of the 

(3 

iy shift amount for each electronic component is calculated to 

collectively change the mounting position of the electronic 
20 component on the circuit board based on the average value 
of the shift amount thus obtained in the second embodiment . 

A specific changing procedure will be described 
below. For example, in the case in which N electronic 
components are to be mounted on the circuit board, each 
25 shift amount is set in the following manner in order of 
mounting for NC data to be mounting data* 
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Data 1 : a i, (3 1, 6 i 
Data 2 : a 2 , £ 2 , 0 2 
Data 3 : a 3 , j3 3 / 0 3 

s Data N : a N , /3n>/ 0 n 

An X-direction correction value, a Y-direction 
correction value and a 0 -direction correction value are 
set from the shift amounts by using equations (2) to (4). 
X-direction correction value = { ai + a 2 + a 3 + "* + « N )/N (2) 
I* io Y-direction correction value = (13!+ j3 2 + 03 + + 0n>/N (3) 

is* 

13 0 -direction correction value =(e 1 + 0 2 + 0 3 + "- + 0 N )/N 

*S 

13 

if! 
IjJ 



The correction values in the equations (2) to (4) 
are applied to all the electronic components to be mounted 



f 3 is on the circuit board and the mounting is carried out by 

w 

13 collectively changing the target mounting position. As 

m 

(3 compared with the case in which the mounting positions are 



individually changed for the electronic components, 
consequently/ the amount of a whole calculation process can 
20 be reduced and the speed of the mounting operation can be 
increased. 

Next, description will be given to a third ^ 
embodiment of the electronic component mounting method 
according to the invention, 
2 s While the amount of the shift of the solder paste 

printed on the circuit board from the land is averaged and 
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the target mounting position is changed in one way with 
respect to all the electronic components in the second 
embodiment, the circuit board is divided into the optional 
number of blocks, and the average value of a shift amount 
is obtained for each block and the mounting position of the 
electronic component is changed for each block by using the 
average value of each block thus obtained in the third 
embodiment . 

A pattern for dividing the circuit board into the 
optional number of blocks includes a dividing pattern shown 
in Fig. 18, for example. Fig. 18(a) shows an example in 
which the circuit board is divided annularly into regions 
from the peripheral edge of the circuit board toward a 
center and Fig. 18(b) shows an example in which the circuit 
board is divided into regions like a lattice. in the 
dividing pattern shown in' Fig. 18(a), the shift amount of a 
central portion (region C) of the circuit board is small 
and tends to be increased toward a peripheral edge portion 
(block A) . in this case, the target mounting position of 
the electronic component is set by using a small correction 
value for a small shift amount in the block C and a great 
correction value for a large shift amount in the block A, 
respectively, in the dividing pattern shown in Fig. 18(b), 
moreover, the shift amount is small in a corner portion 
(for example, the block A) and tends to be increased apart 
from the corner portion. In this case, the target mounting 
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position is set by using a small correction value in the 
block A and a great correction value in other blocks 
respectively. 

More specifically/ set shift amounts (correction 
values) a i, $ i and 6 i (i is 1 to M) in the blocks are 
expressed in equations (5) to (7), wherein the- number of 
region divisions (the number of blocks) is represented by M 
and the number of mounted components in each block is 
represented by Naj (j is 1 to M) . 

cti = (aij + ■•• + aiMNaj) / Naj (5) 
/3i = + + AiMNaj) / Naj (6) 

0i - ( 6 i j + — + QiMNaj) / Naj (7) 

a ij, j3 ij and 6 ij represent shift amounts for a 
jth electronic component in a block i. 

By individually setting the correction value to 

r 

each block, thus, the target mounting position of a block 
having a small shift amount can be prevented from being 
greatly shifted by the influence of a block having a large 
shift amount. Consequently, it is possible to carry out 
the mounting over the circuit board with precision in 
uniform alignment . 

Next, description will be given to a fourth 
embodiment of the electronic component mounting method 
according to the invention. 
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In the embodiment, as shown in Fig. 19, various 
parameters such as the weight and shape of an electronic 
component to be mounted, the material composition of a 
solder paste to be used, a friction property, a viscosity, 
a solder powder size, a melting point, a flux component (a 
resin base, an organism base and an inorganism base), a 
flux activity or a printing thickness are arranged in a 
table and a self -alignment ratio is assumed depending on 
the combination of the type of an electronic component to 
be actually used and the material of the solder paste by 
utilizing the table. The self-alignment ratio represents 
an index indicating, as a percentage, the degree of a shift 
from the center of the printed solder paste that self- 
alignment is effective. Based on the self-alignment ratio, 
the degree (for example, 50%, 80% or 100%) of the shift 
amount of the printing position of the solder paste to be 
utilized as a correction value for setting a target 
mounting position is set. 

While the parameter table for the solder paste is 
registered as the solder data 124^ in a part of mounting 
data as shown in Fig. 12, it is not restricted but may have 
such a structure as to be registered in other data regions, 
for example, the NC program 114 and the array program 116. 
For the contents of registration, moreover, the 
manufacturer type name of a solder paste can also be set in 
addition to each parameter. In this case, each 
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characteristic parameter corresponding to the type name can 
be previously registered in the table and can be 
collectively set automatically in the table. Consequently, 
a work for inputting the mounting data can be simplified 
considerably* 

According to the embodiment, the correction value 
can be properly changed for each mounting component 
depending on the combination of the type of the electronic 
component to be used actually and the type of the solder 
paste so that the electronic component to be mounted can 
obtain a greater self-alignment effect. Moreover, the 
correction value is set by directly reflecting the self- 
13 alignment effect . Consequently, precision in component 

|tj mounting can be enhanced still more. 

jjlj 15 Next, description will be given to a fifth ^ 

\U embodiment of the electronic component mounting method 

z 

|3 according to the invention . 

ft 
!□ 

in 

jjj 20 the printing position of a solder paste for the position of 
a land- Therefore, whether the printing position of the 
solder paste is set to a target mounting position or the 
position of the land is set to the target mounting position 
is selected depending on the shift state of the printing 
25 position of the solder paste. 

Fig. 20(a) shows a state in which the solder paste 



In the embodiment, as shown in Fig. 20, a sel'f- 
alignment effect is determined to some extent depending on 
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is printed with a shift from the centers of lands 14a and 
14b. In this case, the self-alignment effect can be 
obtained sufficiently. Fig. 20(b) shows a state in which 
the solder paste is printed with a protrusion from the 
lands 14a and 14b. In this case, the solder paste is 
divided out of the land during reflow so that the self- 
alignment effect is reduced. 

In the embodiment, the printing state of the solder 
paste is thus detected so that the self-alignment ratio is 
assumed and the target mounting position is determined 
depending on the self-alignment ratio. Fig. 21 i s a flow 
chart showing the electronic component mounting method 
according to the embodiment. First of all, the images of 
the position and shape of a land are picked up and 
recognized by an inspecting apparatus 200 (S20) . Moreover, 
the printing position and shape of the solder paste are 
recognized (S21). From these results of recognition, a 
self-alignment ratio is decided (S22) . If the self- 
alignment ratio is high, the printing position of the 
solder paste is set to a target mounting position (S23) . 
If the self-alignment ratio is low, the position of the 
land is set to the target mounting position (S24) . 

Consequently, in the case in which the print shift 
of the solder paste is great, it is possible to prevent an 
electronic component from being mounted in a position in 
which the self-alignment effect cannot be sufficiently 
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obtained and being fixed with a shift after a reflow 
process . 

Next, description will be given to a sixth 
embodiment of the electronic component mounting method 
according to the invention. 

In the embodiment, in the case in which the 
printing position of a solder paste is set to a target 
mounting position to mount an electronic component, it is 
supposed that the adjacent electronic components interfere 
with each other as shown in Fig. 22. By previously 
obtaining the presence of the interference through a 
calculation before the mounting, the generation of a 
failure in mounting can be prevented. 

More specifically, the mounting position of the 
electronic component recorded in an NC program 114 provided 
in the mounting data shown in Fig. 12 and the contour of 
the electronic component based on a component size recorded 
in a component library 118 are obtained and it is decided 
whether or not the contour in the mounting position 
obtained after correcting the shift amount of the printing 
position of the solder paste and the contour of the 
adjacent components interfere with each other. If there is 
no interference, the mounting process is exactly carried 
out. If there is the interference, the component is not 
mounted. If there is the interference, moreover, the 
mounting position may be corrected to such a position that 
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the electronic components do not interfere with each other, 
thereby carrying out the mounting. in this case, it is 
possible to prevent a recovery process from being carried 
out due to the stop of the mounting operation for the 
electronic component. Thus, the mounting step can be 
executed more quickly. For the correction of the mounting 
position, it is also possible to use a method of 
successively changing a target mounting position during the 
mounting to be carried out or a method of rewriting the 
mounting position of the NC program 114 to carry out the 
mounting. 

It, Consequently, the generation of a mounting failure 

p can be prevented and the productivity of a circuit board 

II? can be prevented from being deteriorated. 

|| 15 Next, description will be given to a variant of an 

|j electronic component mounting system for implementing the 

b electronic component mounting method according to each 

\U embodiment described above 

ip 

If! Fig. 23 is a view showing an example of the 

structure of the electronic component mounting system 
according to a first variant. In the variant, there is 
provided a structure using a solder paste printing 
apparatus 102 having a inspecting function integrating the 
function of the solder paste printing apparatus 100 with 
25 that of the inspecting apparatus 200. in this case, the 
solder paste printing apparatus 102 can be implemented by 
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using the board recognizing camera 36 or the mask 
recognizing camera 38 shown in Fig. 6 for detecting the 
position of a land and the printing position of a solder 
paste, for example. Moreover, a inspecting portion may be 
added separately. With such a structure, an installation 
space can be reduced and a process for delivering a circuit 
board can be simplified so that the process can be carried 
out more quickly. 

Fig. 2 4 is a view showing an example of the 
structure of the electronic component mounting system 
according to a second variant. in the variant, there is 
provided a structure using an electronic component mounting 
device 302 having a inspecting function integrating the 
function of the inspecting apparatus 200 with that of the 
electronic component mounting apparatus 300. in this case, 
the electronic component mounting apparatus 302 can be 
implemented by using a board recognizing camera for 
detecting a board mark for alignment in order to detect the 
position, of a land and the printing position of a solder 
paste, for example. Moreover, a inspecting unit may be 
added separately. Such a structure can also reduce an 
installation space and simplify a process for delivering a 
circuit board so that the process can be carried out more 
quickly. 

Fig. 25 is a view showing an example of the 
structure of the electronic component mounting system 
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according to a third variant. In this case, a solder paste 
printing apparatus 100, a inspecting apparatus 200 and an 
electronic component mounting apparatus 300 are connected 
to a host computer 140 respectively and each device is 
generally controlled by the host computer 140. The result 
of inspection of a solder paste printing position shift 
sent from the inspecting apparatus 200 is input to the host 
computer 140, and the host computer 140 outputs the input 
position shift information to the electronic component 
mounting apparatus 300 to carry out a feedforward control. 
According to such a structure, the electronic component 
mounting system can be generally managed. In addition, 
also in the case in which a circuit board manufacturing 
line is formed by a plurality of mounting systems, they can 
be easily connected to carry out the control. 

While the mounting data (mounting program) are 
created over the electronic component mounting apparatus 
300 in the electronic component mounting system described 
above, the same data may be created by another external 
device (a mounting data creating device) to be connected to 
the electronic component mounting apparatus 3 00 through a 
communication line or a recording medium. In this case, 
the mounting data created by the mounting data creating 
device are fetched into the electronic component mounting 
apparatus 300 so that the mounting operation can be carried 
out. Also during the mounting operation of the electronic 
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component mounting apparatus 300, the mounting data can be 
created. Therefore, a workability for data creation can be 
enhanced and the operating efficiency of producing 
equipment can be increased. 

Moreover, while the electronic component mounting 
apparatus 300 has such a structure that the circuit board 
to mount the electronic component thereon is fixed and a 
transfer head provided with an attachment head is moved 
over the circuit board to carry out the mounting operation, 
the invention is not restricted thereto but the electronic 
component mounting method according to the invention can be 
similarly applied to an electronic component mounting 
apparatus including a rotary head as shown in Figs. 2 6 and 
27, for example. 

Fig. 26 is a view showing the appearance of the 
electronic component mounting apparatus including the 
rotary head and Fig. 27 is a schematic sectional view 
showing the rotary head for illustrating the operation of 
the rotary head. An electronic component mounting 

apparatus 400 mainly has a component feeding portion 150 
for continuously feeding an electronic component, a rotary 
head 152 for holding the electronic component in the 
predetermined component feeding position of the component 
feeding unit 150 and for mounting the electronic component 
on the circuit board, and an X-Y table 154 for positioning 
the circuit board. Consequently, the circuit board fed 
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from a board delivery-in portion 156 is mounted on the X-Y 
table 154 and the electronic component sent from the 
component feeding unit 150 is held by the rotary head 152, 
and a proper correcting process is then carried out to 
mount the electronic component on the circuit board. The 
circuit board having the component mounted thereon is 
delivered from the X-Y table 154 to a board delivery-out 
portion 158. . 

In a compartment feeding unit 10, a plurality of 
component feeding members 160 accommodating a large number 
of electronic components are arranged in a' vertical 
direction on a paper as shown in Fig. 27 and a compartment 
feeding member 160 is moved in the direction of the 
arrangement, thereby feeding a desirable electronic 
component to a component feeding position. 

The X-Y table 154 is provided movably between the 
board delivery-in unit 156 and the board delivery-out unit 
158, is moved to a position to be connected to the board 
delivery path of the board delivery-in unit 156 to receive 
the circuit board which has not attached the component, and 
fixes the circuit board and is moved to the component 
mounting position of the rotary head 152. Then, the 
movement of the circuit board 12 corresponding to the 
mounting position of each electronic component is repeated. 

When the attachment of the component is completed, the XY 
table 154 is moved to a position to be connected to the 
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board delivery-out unit 158 and feeds the circuit board 12 
to the board delivery-out unit 158. 

The rotary head 152 includes a plurality of 
attachment heads 162 for sucking an electronic component, a 
rotating frame member 164 to be rotated by supporting the 
attachment head 162 on a peripheral surface vertically 
movably, and an intermittent rotating device 168 for index 
rotating the rotating frame member 164. 

An attachment head 2 62 is continuously rotated and 
moved from the component feeding position of the component 
feeding unit 150 to a component attachment position on the 
opposite side thereof by the rotation of the rotating frame 
member 164, falls down in the component feeding position of 
the component feeding unit 150 to adsorb the electronic 
component, and recognizes the sucking attitude of the 
electronic component in a certain component recognition 
position of the component recognizing device to fall down 
in the component attachment position, thereby attaching the 
electronic component onto the circuit board 12. 

The electronic component mounting method according 
to the embodiment can also be applied to the electronic 
component mounting apparatus 400 including such a rotary 
head and the same effects can be obtained. 

Description will be given to the result of a 
difference in a self -alignment effect based on a difference 
between the mounting position of an electronic component 
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and the printing position of a solder paste. 

Fig. 28 shows a result of comparison of the self- 
alignment effects on two conditions. Fig. 28(a) shows a 
state in which a solder paste is printed on a land position 
reference and an electronic component is mounted in a 
position shifted by A 1, Fig. 28(b) shows a state in which 
the solder paste is printed with a shift from the position 
of the land by A 1 and the electronic component is mounted 
in the printing position of a solder paste, and Fig. 28(c) 
is a graph showing a self-alignment ratio obtained in Figs. 
^ 28(a) and (b) . An axis of abscissa in the graph indicates 

13 an average value obtained by a shift in each of x and Y 

jp directions, and the used electronic component is referred 

p to as a "0603 chip" having a size of 0.6 mm x 0.3 mm. 

jfi is Moreover, the self-alignment ratio represents a probability 
of a return to a position within ±10 U m from a land center 
to be a reference. 

As shown in the graph of Fig. 28(c), in the case 
13 (a) in which only the mounting position of the electronic 

m 

20 component is shifted, the self-alignment ratio is 
considerably reduced with an increase of the shift amount 
A 1 as compared with the case in which the mounting is 
carried out on the printing position reference. For 
example, when the shift amount A 1 is 50 n m, the self- 

25 alignment ratio is reduced to 70% in the (a), while the 
self -alignment ratio is 90% in the case (b) . Consequently, 
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it is apparent that the electronic component is mounted in 
the printing position of the solder paste so that a greater 
self -alignment effect can be expected than that in the case 
in which the electronic component is mounted in the 
position of the land. 

According to the electronic component mounting 
method and apparatus in accordance with the invention, the 
printing position of the solder paste of the circuit board 
is detected at the printing position detecting step and the 
electronic component is mounted by using the printing 
position of the solder paste thus detected as a reference 
at the mounting step. Consequently, when the solder paste 
is molten by a reflow process, a self-alignment effect of 
returning the electronic component to the position of a 
land by the fluidization of the solder paste can be 
^maintained to be great, and the electronic component can be 
reliably fixed into the position of the land even if the 
printing position of the solder paste is shifted from the 
position of the land. Also in the case in which the 
mounting interval of the electronic component is small, 
moreover, it is possible to enhance precision in the 
mounting position of the electronic component by 
effectively utilizing the self -alignment effect. 

Moreover, the electronic component mounting system 
in accordance with the invention includes a printing 
position detecting device for detecting a printing position 
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of the solder paste of the circuit board, and an electronic 
component mounting apparatus for mounting an electronic 
component based on a result of detection of the printing 
position. The electronic component is mounted by using the 
printing position of the solder paste as a reference. 
Consequently, the self-alignment effect of returning the 
electronic component into the position of the land can be 
maintained to be great and the electronic component can be 
reliably fixed in the position of the land after the reflow 
process of the circuit board- 
According to the electronic component mounting data 
creating method in accordance with the invention, 
furthermore, the mounting data for carrying out a mounting 
operation based on the electronic component mounting method 
can be created easily with reference to a previously 
registered table through the electronic component mounting 
apparatus or the mounting data creating device connected 
thereto . 

According to the mounting data creating device in 
accordance with the invention, moreover, the mounting data 
for mounting the electronic component on the circuit board 
are created irrespective of the electronic component 
mounting apparatus, and the electronic component mounting 
apparatus is subsequently caused to fetch the mounting data 
thus created. Consequently, even if the electronic 

component mounting apparatus is carrying out the mounting 
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operation, the mounting data can be created. Thus, a 
workability for data creation can be enhanced and the 
operating efficiency of producing equipment can be 
increased. 

According to the program in accordance with the 
invention, the program recording mounting data for mounting 
an electronic component on a circuit board based on the 
electronic component mounting method is used for an 
electronic component mounting apparatus. Consequently, it 
is possible to mount the electronic component with the 
self-alignment effect enhanced. 
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